ABSTRACT. The aim of this study was to identify the association between single nucleotide polymorphisms (SNPs) in the bovine chemokine receptor (CXCR1) gene and the resistance or susceptibility of cows to mastitis. The analysis of the CXCR1 polymorphism was carried out using polymerase chain reaction restriction fragment length polymorphism analysis for six SNP mutations (c.+291C>T, c.+365T>C, c.+816C>A, c.+819G>A, +1093C>T, and +1373C>A), of which four were located within the coding region and two in the 3'UTR region of the CXCR1 gene. Genetic material from 146 Polish HolsteinFriesian cows was analyzed after dividing into two groups depending on the incidence of clinical mastitis. Identified polymorphisms were in linkage disequilibrium and formed two linkage groups. Three haplotypes (CCCATA, TTAGCC, CTCGCC), forming six haplotype combinations, were detected. The logistic regression showed a significant association between the CC genotype at c.+365T>C and susceptibility of cows to clinical mastitis (P = 0.047). The frequency of
INTRODUCTION
Mastitis, an inflammation of the mammary gland, is an economically debilitating disease affecting the dairy industry. This disease is responsible for reduced milk yield in cows, but it also causes losses arising from the need to discard milk that does not comply with sanitary and hygienic standards. Additionally, mastitis generates costs through veterinary services and medicines for infected cows, and often leads to a reduction in herd size due to the need for culling of seriously ill animals. Currently, many researchers worldwide are trying to identify methods to prevent or reduce the spread of mastitis in dairy cattle herds. Since it is observed that some cows are more resistant to mastitis, it is believed that the susceptibility to this disease could be genetically affected. Consequently, the search for genetic markers possibly associated with udder health is being carried out (Nilsen et al., 2009; Ogorevc et al., 2009 ). The identification of such markers could lead to the selection of mastitis-resistant cows, which would result in improved herd health and increased efficiency of milk production. Because numerous studies have revealed the importance of chemokines and chemokine receptors in inflammatory diseases, the interleukin-8 receptor α (CXCR1) has been proposed as a candidate marker of mastitis. The chemokine-α receptor affects the activity of neutrophils by inducing their migratory ability to the inflammation site (Paape et al., 2000) which makes it one of the most important components of the innate immune system. Therefore, mutations in the CXCR1 gene may be associated with the susceptibility of animals to mastitis.
Preliminary studies on CXCR1 polymorphism identified five single nucleotide polymorphism (SNP) mutations within the CXCR1 gene (Grosse et al., 1999; Youngerman et al., 2004b; Pighetti and Rambeaud, 2006) . Some authors demonstrated an association between CXCR1 gene polymorphism and udder health, evaluated using various parameters (e.g., SCS, somatic cell scores) (Youngerman et al., 2004a; Beecher et al., 2010; Galvão et al., 2011) , but others (e.g., Leyva-Baca et al., 2008 , Goertz et al., 2009 ) rejected this hypothesis. Recent studies have indicated a high degree of polymorphism in the CXCR1 gene. For example, Pighetti et al. (2012) identified 36 SNPs within the coding and non-coding regions of this gene, whereas Verbeke et al. (2012) found 16 polymorphisms in the coding region alone, of which six had not previously been reported. The CXCR1 gene was proposed as a potential genetic marker in cattle breeding programs by Zhou et al. (2013) , who demonstrated an association between four types of SNP mutations within the 550-bp fragment of the putative exon II region of this gene and milk traits, including SCS.
Because previous research on the polymorphism of the CXCR1 gene has provided conflicting results in terms of the number of mutations identified and their association with mastitis in cattle, the aim of the present study was to analyze the CXCR1 gene sequence with a focus on SNPs in a population of Polish Holstein-Friesian cows. In addition, the identified polymorphisms were analyzed for their association with the susceptibility or resistance of cows to clinical mastitis.
MATERIAL AND METHODS
Milk obtained from 146 Polish Holstein-Friesian cows kept at a farm located in southwestern Poland was analyzed. All cows had completed three or four lactations. Information on episodes of clinical mastitis was acquired from AfiFarm Dairy Farm Management Software (SAE Afikim, Kibbutz AFIKIM, Israel). Depending on the incidence of mastitis, the cows were divided into two groups: group I with no episode of mastitis (N = 74), and group II with more than two episodes of mastitis (N = 72).
Genomic DNA was isolated from the cows' milk, using the method developed at the Department of Cattle Breeding, Faculty of Animal Sciences, University of Agriculture in Kraków (Pokorska et al., 2016) . The qualitative and quantitative analysis of the isolated DNA was carried out using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts USA).
Polymorphism analysis included the exon II sequence of the CXCR1 gene, comprising the coding and 3'UTR regions of the gene (151,327-153,041 bp of AC150887.4, Pighetti et al., 2012) . The sequence was divided into three sections (A, B, and C) and a polymerase chain reaction (PCR) restriction fragment length polymorphism analysis was run for each of them.
The PCR mixture (20 µL) contained: 2 µL 10X PCR buffer, 2.25 mM MgCl 2 , 0.2 mM dNTPs, 8 pmol of each primer, 1.75 U Taq polymerase, 10.3 µL water, and approx. 150 ng matrix DNA. All reagents were supplied by ThermoScientific. The PCR was carried out on a C1000 thermocycler (Biorad). Each reaction included the following stages: initial denaturation at 95°C for 5 min, followed by 34 cycles, with each cycle including denaturation at 95°C for 45 s, annealing of primers at temperatures established for each section (59°C section A, 58°C section B, and 62°C section C) for 30 s, and elongation at 72°C for 50 s. The final elongation was carried out at 72°C for 7 min. The amplified products were digested with restriction enzymes as recommended by the manufacturer. The obtained restriction fragments were separated on a 3% agarose gel stained with SYBR Safe dye (Invitrogen). Details of the location of individual mutations within the CXCR1 gene, primer sequences, restriction enzymes used and the lengths of digestion products are presented in Table 1 .
Prediction of CXCR1 haplotypes and estimation of their frequencies in the herd, were carried out using HAPLOVIEW (Barrett et al., 2005) . Linkage association between loci was studied using PLINK (v. 1.07) (Purcell et al., 2007) . To analyze the herd for Hardy-Weinberg genetic equilibrium the chi-square test was applied.
A possible association between single polymorphisms or haplotype combinations and the incidence of clinical mastitis was evaluated by a logistic regression method using PROC LOGISTIC of SAS (SAS Institute Inc., v. 9.2). The relationship between different single polymorphisms and mastitis was analyzed only for mutations c.+291C>T and c.+365T>C. All other identified SNPs were in total linkage disequilibrium (r 2 = 1.0) with either one of these mutations, therefore the results would be the same. Group II (cows with more than two episodes of mastitis) was assumed as the reference and results were considered statistically significant at P ≤ 0.05. *Polymorphisms in 3'UTR; in Pighetti et al. (2012) , described as *10C>T and *290C>A. 
RESULTS AND DISCUSSION
Six SNPs within the bovine CXCR1 gene, four in the coding region (c.+291C>T, c.+365T>C, c.+816C>A, and c.+819G>A) and two in the 3'UTR of the CXCR1 gene (+1093C>T and +1373C>A) were found. Of the identified mutations, only one affects a change in the coded protein (c.+365T>C) causing the replacement of valine into alanine at position 122 of the amino acid chain. The herd was not in Hardy-Weinberg equilibrium for all mutations (P < 0.05). The frequencies of genotypes and alleles are presented in Table 2 .
The prevalence of genotypes for the c.+291C>T and c.+365T>C polymorphisms in the two investigated groups of cows (group I and II) was determined. The frequencies of genotypes CC, TT, and CT for the c.+291C>T mutation in group I were 0.43, 0.12, and 0.45, while they were 0.54, 0.08, and 0.38 in group II, respectively.
In the studied herd, three CXCR1 haplotypes and six haplotype combinations were identified. The most frequent (0.29) was haplotype combination 2/1 (TTAGCC/CCCATA). Similarly, in group I, the most frequent was haplotype combination 2/1 (0.32), while in group II it was haplotype combination 1/1 (CCCATA/CCCATA) (0.33) ( Table 3) .
Logistic regression showed an association between the c.+365T>C single nucleotide polymorphisms and the incidence of clinical cases of mastitis. When the CC, rather than the TT genotype, was identified, the odds of having more than two episodes of mastitis was 2.32 times higher compared to remaining healthy (95% CI 0.93-5.76, P = 0.047) ( Table 4 ). The statistical analysis did not indicate an association between SNP c.+291C>T and clinical cases of mastitis (results not shown). Despite the higher frequency of haplotype combination 1/1 in group II (0.33) than in group I (0.19), the results of the regression analysis (not shown) did not reveal a statistically significant association between this haplotype combination and mastitis susceptibility (P = 0.062). Similarly, other haplotype combinations did not affect the incidence of mastitis. A higher frequency of haplotype combination 1/1 in mastitis-susceptible cows is probably connected with the occurrence of the CC genotype for c.+365T>C mutation in this combination. Thus, the results presented here indicate that the CC genotype may contribute to the increased incidence of clinical mastitis in cows.
In the investigated cow herd, mutations c.+291C>T and c.+816C>A were in complete linkage (linkage group 1), similarly to mutations c.+365T>C, c.+819G>A, +1093C>T, and +1373C>A (linkage group 2) ( Table 2 ). The linkage of these mutations has previously been demonstrated by Pighetti et al. (2012) . They categorized mutations c.+291 and c.+816 into one group, and mutations c.+365, c.+819, +1093 (in Pighetti et al., 2012 designated as *10), and +1373 (in Pighetti et al., 2012 , designated as *290) into the other group. Therefore, identification of polymorphism at two positions from different linkage groups (e.g., c.+291 and c.+365) is sufficient to identify nucleotides at the remaining polymorphic positions of the CXCR1 gene. Consequently, it is possible to determine the genotype of a cow using just two restriction enzymes, which significantly reduces costs and time of analysis.
To date, several analyses of CXCR1 gene polymorphism and its association with the incidence of mastitis in different cattle breeds have been carried out worldwide. All mutations identified in the present study have been previously described by Pighetti et al. (2012) , and four of them (c.+291C>T, c.+365T>C, c.+816C>A, and c.+819G>A) by Verbeke et al. (2012) . In addition, the c.+816C>A and c.+819G>A mutations were described by Youngerman et al. (2004a,b) as +858 and +861, respectively. Zhou et al. (2013) found four polymorphisms within the exon II sequence of the CXCR1 gene in Chinese native cattle and two of them (c.+291C>T and c.+365T>C) were also identified in this study.
The association between the CXCR1 gene polymorphism (more precisely, SNP +735C>G, previously described as +777C>G) and mastitis, has been demonstrated by both Youngerman et al. (2004a) and Galvão et al. (2011 ). Youngerman et al. (2004a observed a reduced incidence of subclinical mastitis (evaluated based on bacteria isolated from the udder) in cows expressing genotype GG, while Galvão et al. (2011) found a decreased incidence of clinical mastitis (evaluated based on the abnormal appearance of milk or udder) in cows with genotypes CC and GC. Beecher et al. (2010) revealed the association of the G allele with reduced SCS in cows of five breeds, but not in Holstein-Friesian bulls. The influence of mutation +735C>G on mastitis evaluated based on SCS was not confirmed neither by Leyva-Baca et al. (2008) nor by Goertz et al. (2009) . Likewise, Verbeke et al. (2012) did not find any association between the identified CXCR1 gene polymorphism and SCC. They only observed an increased resistance to mastitis caused by certain pathogens (i.e., major pathogens: Staphylococcus aureus, S. agalactiae, S. dysgalactiae, and esculin-positive streptococci) in cows with genotype AG instead of GG at position c.980. The association of the individual mutations and combined genotypes of the CXCR1 gene (formed by four identified SNP mutations: c.291C>T, c.333C>T, c.337A>G, and c.365C>T) with reduced SCS was found by Zhou et al. (2013) .
In the present study, the relationship between CC genotype for the c.365T>C mutation and increased mastitis incidence, observed in the Polish population of Holstein-Friesian cows, was confirmed statistically for the first time. On the other hand, Zhou et al. (2013) revealed a significant association of TT genotype for this mutation (and also AA genotype for c.337A<G mutation, not found in the present study) with higher SCS and a suggested possible role of these two mutations in the host response against mastitis. This discrepancy in the obtained results indicates the need for further research to verify the influence of the c.365T>C mutation on mastitis in cows.
Research by Pighetti et al. (2012) revealed that the CXCR1 c.+365T nucleotide and the CXCR1 c.+735C nucleotide occur together (because they form a haplotype). Considering that Youngerman et al. (2004a) reported the association between the CXCR1 c.+735 (former CXCR2 c.+777) polymorphism and subclinical mastitis in Holsteins, both of these mutations may be crucial for determination of mastitis.
The c.365T>C point mutation of the CXCR1 gene leads to a switch from alanine to valine at position 122 in the first extracellular loop, near the transmembrane domain of the CXCR1 G-protein coupled receptor (Pighetti et al., 2012) . Because this protein is a receptor for interleukin-8, a key regulator of neutrophil migration, killing and survival (Glynn et al., 2002) , this amino acid replacement potentially influences neutrophil function (a change in shape could modify the response to the ligand) and disease resistance. In addition, the protein and mRNA expression levels of interleukin-8 have been associated with bovine mastitis (Lee et al., 2006) , which suggests participation of this chemokine in the process of developing the disease.
CONCLUSIONS
In conclusion, the obtained findings suggest that the CXCR1 c.365T>C mutation can be potentially considered a novel candidate genetic molecular marker for mastitis resistance/ susceptibility and cows with genotype TT should probably be selected in breeding programs as more resistant to mastitis.
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